Platelet-rich plasma (PRP) has been clinically used as an easily prepared growth factor cocktail that can promote wound healing, angiogenesis, and tissue remodeling. However, the therapeutic effects of PRP are still controversial, due partly to the lack of optimized and standardized preparation protocols. We used whole blood (WB) samples to optimize the preparation protocols for PRP, white blood cell-containing (W-PRP), platelet-concentrated plasma (PCP), and noncoagulating platelet-derived factor concentrate (PFC). PRP and W-PRP were most efficiently collected by 10 min centrifugation in a 15-mL conical tube at 230-270 g and 70 g, respectively. To prepare PCP, platelets were precipitated by centrifugation of PRP at > 2300 g, 90% of supernatant plasma was removed, and the platelets were resuspended. For preparation of noncoagulating PFC, the supernatant was replaced with one-tenth volume of saline, followed by platelet activation with thrombin. Platelet (before activation) and platelet-derived growth factor (PDGF)-BB (after activation) concentrations in PCP were approximately 20 times greater than those in WB, whereas PFC contained a 20-times greater concentration of platelets before platelet activation and a 50-times greater concentration of PDGF-BB without formation of a fibrin gel after platelet activation than WB. Surprisingly, total PDGF-BB content in the PFC was twice that of activated WB, which suggested that a substantial portion of the PDGF-BB became trapped in the fibrin glue, and replacement of plasma with saline is crucial for maximization of plateletderived factors. As an anticoagulant, ethylene di-amine tetra-acetic acid disodium inhibited platelet aggregation more efficiently than acid citrate dextrose solution, resulting in higher nonaggregated platelet yield and final PDGF-BB content. These results increase our understanding of how to optimize and standardize preparation of plateletderived factors at maximum concentrations.
Introduction
T he preparation of platelet-rich plasma (PRP) was originally developed as a method to divide red blood cells (RBCs) and plasma from whole blood (WB) in blood transfusion hematology. 1 PRP was first used for hemostasis during surgical operations and platelet transfusions for some thrombocytopenic disorders. 2 It was revealed through a number of studies that various bioactive substances, including platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-b), and epidermal growth factor (EGF), were discharged from the a-granules of platelets into plasma when the platelets were destroyed and activated. 3, 4 These growth factors are contained in wound exudates from injured subcutaneous tissue and are important in the early phase of the wound-healing process. 5 Specifically, they promote stromal stem cell proliferation and angiogenesis and are regarded as key signals in tissue repair/regeneration. [6] [7] [8] Autologous PRP has less safety concerns than cell-based regenerative therapies. As such, PRP is an issue of extensive research for tissue engineering and regenerative medicine. 9, 10 PRP has been therapeutically used to accelerate wound healing and tissue repair in dentistry since 1998, 11 and the clinical application of PRP was recently expanded to other fields, including cardiac surgery, 12 ophthalmology, 13 oral and maxillofacial surgery, 14 orthopedic surgery, 15 plastic surgery, 16, 17 sports medicine, 18 and cosmetic medicine. 19, 20 For therapeutic purposes, PRP extracted from WB through a single centrifugation is frequently concentrated by a second centrifugation. The first centrifugation is slow to avoid spinning down platelets, whereas the second spin is fast, so the platelets are spun down. In this study, we refer to this concentrated PRP by the second spin as platelet-concentrated plasma (PCP) to differentiate it from PRP. Despite the increasing use of PRP or PCP therapeutically, its reported clinical effects are quite variable. 21 In fact, there is even a report that concludes that it is invalid. 22 Although many commercialized devices are now available for the clinical preparation of PRP/PCP, there is no standardized protocol for PRP/PCP preparation. Moreover, there have been surprisingly few scientific studies on how to optimize the preparation of human PRP/PCP. For example, there has not been a comprehensive study on how the centrifugal force exerted on WB contained in common laboratory ware affects PRP/PCP yield. There are many reasons for a lack of such studies besides the obvious difficulty of obtaining sufficient quantities of fresh human WB samples. One of the many reasons is the complexity of blood coagulation (fibrin polymerization) and platelet aggregation. Since the precise and consistent control of fibrinogen and platelets is very difficult, well-designed studies are hard to plan and implement. Another reason is that the evaluation methods for the PRP/PCP products 23, 24 have not been consistent among previous studies. Finally, blood components and physical properties also vary between patient samples, making standardization difficult.
The first aim of this study is to optimize the protocol for preparing human PRP and PCP. This entails the establishment of a reliable and practical method to maximize platelet yield and concentration in plasma from a relatively small volume (7.5-75 mL) of blood using common laboratory ware and equipment. To evaluate the efficiency of the protocols, we have measured the number of nonaggregated platelets and the concentration of platelet-derived growth factor-BB (PDGF-BB) in the products. The other aim is to design a protocol for the preparation of noncoagulating growth factor concentrate, because fibrin glue formation sometimes prevents the therapeutic use of PCP depending on therapeutic purposes. Here, we propose a novel and reliable method to prepare PCP at either a maximal or an adjustable concentration and noncoagulating plateletderived factor concentrates (PFC, a noncoagulating fluid that contains platelet-derived factors at either a maximal or an adjustable concentration).
Materials and Methods

Collection and preparation of plasma and serum
This study was conducted with the informed consent of volunteer subjects, and the experimental protocol was approved by our institutional review board. Nine healthy donors, five men and four women, whose ages ranged from 29 to 49, were enrolled in this study. All donors were not on any medication, including aspirin and other nonsteroidal antiinflammatory drugs, during the 2 weeks before this study. WB (40-72 mL) was drawn by venipuncture, collected, and divided into conical tubes (15 mL; BD Falcon) that contained either 1 mg/mL ethylene di-amine tetra-acetic acid disodium (EDTA; Wako Pure Chemical Industries, Ltd.) or acid citrate dextrose solution (ACD; Terumo; at ratio of 10:1.5) as an anticoagulant. The ACD solution consists of 2.2 w/v% sodium citrate hydrate, 0.8 w/v% citric acid hydrate, and 2.2 w/v% glucose. WB was obtained three to twelve times from each donor.
To isolate plasma, tubes were centrifuged at various centrifugation parameters (30, 50, 70, 90, 120, 150, 190, 230, 270, 320, 370, 430 , 620, 840, 1010, 1600, 2330 g, 10 min, 20°C) in a refrigerated centrifuge (Kubota 5900; Kubota Co.). The plasma was gently transferred to an empty tube, and its volume and hematological values were measured as described next.
The obtained plasma (the PRP) was centrifuged again at a higher spin (1010-2330 g, 10 min, 20°C) to precipitate the platelets at the bottom of the tube. After the second spin, samples were divided into two parts; the PCP (the lower one-third or one-tenth) and the platelet-poor plasma (PPP, the remaining upper portion; Fig. 1 ). Hematological values of both parts were measured as described next. The samples were activated by adding thrombin, permitted to clot at 37°C, and then centrifuged at 2330 g for 10 min at 4°C. The PDGF-BB concentration of the clear supernatant was measured as described next. WB plasma samples for PDGF-BB measurement were prepared by centrifuging WB at 2330 g for 10 min at 4°C after adding thrombin (500 unit per sample), without using an anticoagulant, and collecting the supernatant plasma.
In an attempt to eliminate fibrinogen (the PFC experiment), all supernatant (PPP) was removed after the second spin. The remaining platelet pellet was resuspended in an appropriate volume of phosphate-buffered saline (PBS), and the platelets were activated by adding thrombin (500 unit per sample; Thrombin oral/topical 5000 units-BENESIS Ò ; Benesis Corp.). Then, the PDGF-BB concentration of the sample was measured. The preparation methods of each product are summarized in Figure 1 .
Hematological analysis
A small portion of each sample (WB, PRP, PPP, and PCP) was used for hematological analyses. Numbers of RBCs, white blood cells (WBCs), platelets, and other hematological parameters were measured with a multi automatic blood corpuscle analyzer (XS-1000i; Sysmex Co.).
Quantification of PDGF-BB
Among representative growth factors derived from activated platelets such as PDGF, EGF, and TGF-b, PDGF-BB was selected as an index of platelet aggregation (activation) in plasma, because PDGF-BB is not contained in plasma and, thus, its concentration well correlates with how much platelets are activated. PDGF-BB was measured using an anti-human enzyme-linked immunosorbent assay kit (Quantikine; R&D Systems) according to the manufacturer's instructions. A microplate reader (Model 550; Bio-Rad Laboratories) was used to measure the absorbance of each well at 450 nm, and a standard curve was generated to determine growth factor concentrations (in picograms per milliliter). A small portion of each sample (WB, PRP, PPP, PCP, and PFC) was used for the quantification of PDGF-BB after an appropriate dilution.
Quantification of fibrinogen in plasma
Fibrinogen content in plasma was measured by HemosIL Ò Fibrinogen-C XL on an automated coagulation analyzer (ACL TOP; Instrumentation Laboratory).
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Statistical analysis
Results were described as mean -standard deviation. Comparisons between two groups were performed with the unpaired Students' t-test. Comparisons of more than two groups were done by analysis of variance with the Bonferroni correction. Statistical significance was defined as p < 0.05.
Results
Collected blood components after the first spin WB samples (40-72 mL) that were collected with EDTA as the anticoagulant were divided into 7.5-mL aliquots in 15-mL conical tubes and centrifuged for 10 min at centrifugal forces ranging from 30 to 2330 g. The volume of the collected plasma increased based on the centrifugal force, as larger volumes were collected at higher centrifugal forces. The volumes collected ranged from 1.22 -0.268 mL (16.27% -3.58%) at 30 g to 3.57 -0.231 mL (47.56% -3.08%) at 2330 g ( Fig. 2A) .
The platelet collection rate increased as the centrifugal force increased from 30 to 190 g, peaked at 190 to 320 g, and progressively decreased from 320 to 2330 g (Fig. 2B , left, above). Although the best centrifugal force slightly differed among donors, the averaged data suggested that a centrifugation force of 230-270 g would be the most likely to produce the maximum platelet yield from a WB sample in a 10 min spin (Fig. 2B, right) . Thus, we concluded that our optimized protocol for PRP preparation is a single centrifugation of WB at 230-270 g for 10 min. This protocol collected ‡ 80% of the platelets in a WB sample. The optimized PRP contained a low number of WBCs (4.1%-5.8% of WB). Thus, it can be also referred to as WBC-poor PRP.
The WBC collection rate decreased based on centrifugal force, as smaller percentages were detected in plasma after TEC-2011-0308-ver9-Araki_3P.3d 11/15/11 6:22am Page 4
C O P Y centrifugation at higher centrifugal forces. These percentages ranged from 25.3% -12.8% at 30 g to 0.875% -0.66% at 620 g (Fig. 2B, left, below) . Almost all WBCs appeared to be precipitated when the centrifugation force was ‡ 840 g. The collection rate data for WBCs and platelets were plotted on the x-and y-axis, respectively, and analyzed (Fig.  2C) . According to the plotted data, we concluded that our optimized protocol for producing WBC-containing PRP (W-PRP; see discussion for details) is a single centrifugation of WB (7.5 mL) at 70 g for 10 min, as this was the method in which both WBCs and platelets were efficiently collected (10%-35% and 60%-80%, respectively [red plots in Fig. 2C]) .
Collected blood components after the second spin
The second hard spin is needed to convert PRP into PCP (by the reduction of volume and the condensation of nonaggregated platelets). The platelets in PRP were precipitated by the second spin. A larger amount of platelets were precipitated by a higher centrifugal force. The precipitated pellets contained 69.0% -10.5%, 84.9% -8.39%, 87.8% -6.85%, and 91.2% -6.05% of the platelets contained in the original PRP after a 10 min centrifugation at 1010, 1390, 1830, and 2330 g, respectively (Fig. 3A) . Thus, a higher centrifugal force was recommended for the second spin.
After the second spin, we prepared two kinds of PCP by reducing the volume by different amounts; one-third volumetric PCP (1/3v-PCP) and one-tenth volumetric PCP (1/ 10v-PCP) were prepared by removing the upper two-thirds or nine-tenths of the PPP supernatant, respectively, before the precipitated platelets were resupended. The platelet concentrations ( · 10 4 /mL) were 24.5 -4.79 for WB, 62.7 -14.8 for PRP, 189.6 -37.3 for 1/3v-PCP, and 466.7 -5.27 for 1/10v-PCP (Fig. 3B) . Thus, the platelet concentration was elevated by up to 7.4 times that of PRP by the 1/10v-PCP preparation.
Comparison of the effects of the anticoagulants EDTA and ACD on platelet yield in PRP and PCP
To analyze the beneficial effects of the anticoagulants EDTA and ACD on PRP preparation, the PRP platelet collection rates were compared at the optimized centrifugation parameters (230-270 g, 10 min; n = 11). The PRP and 1/10v-PCP nonaggregated platelet collection rates were significantly higher when EDTA rather than ACD was used as the anticoagulant (Fig. 3C) . Thus, EDTA was apparently superior to ACD in preventing blood coagulation and platelet aggregation. The preservation of nonaggregated platelets is critical in maximizing the concentration of platelets and platelet-derived factors. 
C O P Y
Concentration and total yield of nonaggregated platelets in PCP and PFC before thrombin activation
The 1/10v-PFC was prepared by replacing the supernatant (PPP) with one-tenth volume of PBS after the second spin, followed by the activation of platelets by thrombin (Fig. 1) . The platelet concentration ( · 10 4 /mL) of the 1/10v-PFC before platelet activation was 415 -50.1, a concentration comparable to that of 1/10v-PCP (427.3 -21.1) and much higher than that of WB and optimized PRP (20.2 -2.26 and 51.4 -7.15, respectively; Fig. 4A ). Significant differences were found between WB and PRP, PRP and 1/10v-PCP, and PRP and 1/10v-PFC.
The platelet collection rates of PCP (74.8% -13.1%) and PFC (72.1% -10.4%) were similar, but both were significantly lower than that of PRP (88.7 -6.2; Fig. 4B ). This showed that some of the platelets were lost or aggregated in the process of the second spin, but not in the replacement of PPP with PBS. However, 1/10v-PFC still contained more than 70% of platelets. Thus, the loss of platelets in the second spin was deemed to be very small and acceptable.
Concentration and total amount of PDGF-BB in PCP and PFC after thrombin activation
The PDGF-BB concentration (ng/mL) of 1/10v-PFC after platelet activation was 157.9 -16.0, much higher than that of WB, PRP, and 1/10v-PCP (3.05 -0.76, 6.79 -1.33, and 52.7 -20.8, respectively; Fig. 4C ). Significant differences were detected between WB and PRP, PRP and 1/10v-PCP, and 1/10v-PCP and 1/10v-PFC. Interestingly, PFC showed a significantly higher PDGF-BB concentration than PCP, even though the PFC platelet concentration was similar to PCP before thrombin activation.
The total amount of PDGF-BB in each sample was calculated by multiplying the PDGF-BB concentration (ng/mL) by its volume (mL; Fig. 4D ). As expected, the total amount of PDGF-BB was highly correlated to platelet yield before activation in WB, PRP, and 1/10v-PCP. However, the 1/10v-PFC showed a remarkably high total amount of PDGF-BB compared with the other products (even higher than WB), even though its platelet yield was comparable to 1/10v-PCP.
FIG. 4.
Measurement of platelets and platelet-derived growth factor (PDGF)-BB in the preparation process of PCP and PFC. PCP and PFC were prepared using an optimized protocol. The number of PLTs was counted before PLT activation with thrombin, whereas the PDGF-BB protein level was measured after PLT activation. *p < 0.05. = 6) . Surprisingly, the total PDGF content in 1/10v-PFC was larger than the amount obtained from activated WB.
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Comparison of the effects of the anticoagulants EDTA and ACD on PDGF-BB concentration
The 1/10v-PCP and 1/10v-PFC were prepared with either EDTA or ACD as the anticoagulant, and PDGF-BB concentrations were compared. The PDGF-BB concentrations (ng/ mL) were 4.30 -2.75 (WB), 64.9 -3.00 (1/10v-PCP), and 166.5 -41.1 (1/10v-PFC) when EDTA was used as an anticoagulant, whereas they were 3.37 -2.11 (WB), 68.5 -5.14 (1/ 10v-PCP), and 52.8 -2.79 (1/10v-PFC) when ACD was used (Fig. 5A) . The PDGF-BB concentration in 1/10v-PFC was significantly higher when EDTA rather than ACD was used as the anticoagulant. In the PPP replacement process after the second spin for PFC preparation, the platelet sediment was easily scattered by pipetting when EDTA was used, but not when ACD was used. This is probably because ACD induced a less complete inhibition of aggregation than EDTA, and platelets were not fully recovered during the process of PPP replacement and the second spin. Another explanation may be an inhibitory effect of ACD on intracellular signaling (leading to granule release of platelets) by lowering platelet pH.
Quantification of fibrinogen in PCP and PFC
To ascertain the effect of PPP replacement on fibrinogen removal, fibrinogen in 1/10v-PCP and 1/10v-PFC was measured (n = 3). Fibrinogen levels in 1/10v-PCP were significantly higher (240.3 -16.4 mg/dL) than that in 1/10v-PFC (37.0 -5.2 mg/dL; Fig. 5B ), suggesting that the replacement of fibrinogen-containing PPP with PBS successfully removed most, but not 100%, of the fibrinogen.
Discussion
The specific gravity differs among the components of blood. RBCs are the heaviest (1.095), followed by WBCs (1.063-1.085), whereas platelets (1.032) are the lightest. The specific gravity of WB is 1.055-1.060 in men and 1.050-1.056 in women, plasma's specific gravity is 1.025-1.029, and the specific gravity of serum is 1.024-1.028. 25 Each component has been isolated by various centrifugation protocols, but cell contamination after separation cannot be avoided because of the components' slightly overlapping specific gravities, 26 a fact further confirmed by this study. Thus, the use of WB is the only manner to use 100% of the platelets in a sample. However, this study clearly indicated the limitation of using WB, as a substantial portion of the total PDGF-BB was lost in the WB sample. This was presumably due to some PDGF-BB becoming trapped within the fibrin gel formed by coagulation (Fig. 4D) .
For the optimization of the preparation protocol for a small volume of PFC, we selected some of the most readily available laboratory ware (15-mL and 1.5-mL conical tubes) to hold the sample during centrifugation and a spin time (10 min) short enough to be acceptable in clinical settings. Although the higher centrifugal force definitely leads to greater plasma recovery, it also leads to more platelets pelleting down out of the plasma and into the sediment layer. In this study, we found that the optimal gravity for maximum recovery of platelets varied between individuals likely because the specific gravity of blood differs between people due to individual differences in the number and composition of blood cells. This suggests that even physical conditions may affect the optimal centrifugal condition. Therefore, ideally, the optimal protocol would be personalized on a caseby-case basis. However, to establish a simple protocol, we concluded that 230-270 g and 70 g were the best centrifugal forces for PRP and W-PRP preparation, respectively, when a 10-min spin in a 15-mL conical tube was used. The optimal separation protocol differs based on many conditional parameters such as the size and shape of the container used, the time of spin, and the anticoagulant used. More than 30 years ago, Slichter and Harker 27 reported that approximately 86% of platelets could be recovered by the use of a soft plastic bag of 250-450 mL with ACD as the anticoagulant. They used a first centrifugation of 9 min at 1000 g to harvest PRP, which was further centrifuged at 3000 g for 20 min to concentrate the platelets.
WBC contamination changes the growth factor profile in PRP. Hence, PRP that contained a substantial amount of 
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WBCs was proposed as another therapeutic tool. 28, 29 Although their therapeutic values have yet to be established, terms, such as W-PRP, leukocyte (or WBC)-rich (or poor) PRP, 28, 29 and leucocyte-and platelet-rich plasma, 23 have become used in the field. On centrifugation of WB, WBCs are concentrated in a white layer known as the buffy coat that is located above the RBC layer. Platelets are mostly concentrated right on the top of the buffy coat. W-PRP contains part of the buffy coat, but the platelet yield and obtained plasma volume are smaller than those of PRP.
PRP was separated from WB by the first slow spin. Since our PRP volume (2.63 -0.32 mL) was approximately onethird the initial volume of WB (7.5 mL), the platelet concentration of PRP was twice to thrice that of WB (Fig. 3B) . By reducing the volume of PRP while avoiding the activation (aggregation) of platelets, PCP was obtained through a second high spin. The platelet concentration of PCP depended on the volume reduction; the platelet concentration of 1/10v-PCP was more than 7 times more concentrated than that of PRP and nearly 20 times more concentrated than that of WB.
There was a low level of platelet loss at every step in preparation (Figs. 3A and 4B ). For all steps except the first spin, this is thought to be mainly due to the aggregation of platelets. Platelet aggregation and activation result in the reduction of platelet count and the release of platelet-derived factors into the solution. 16 Therefore, to obtain an ample, nonactivated platelet yield and a highly concentrated PFC, it is crucial to minimize platelet aggregation in the preparation process. In addition, blood coagulation (fibrin polymerization) is not easy to control. Fibrin glue formation reduces the fluid portion of plasma and increases the difficulty in standardizing PRP and PCP preparation. Thus, the role of anticoagulants to avoid coagulation and platelet aggregation is vital in this process. 30 There are five major anti-coagulants used in clinical laboratories: heparin, sodium citrate, sodium fluoride, ACD, and EDTA, and all besides heparin chelate Ca 2 + to some degree. ACD is a combination of citric acid and dextran and is usually used in the protocols of commercially available PRP preparation systems. Since dextrose has RBC protecting effects, ACD is frequently used to preserve blood for transfusions. EDTA is a stronger chelator than ACD 30 and is used for general blood cell count. After a preliminary study, we selected ACD and EDTA as the anticoagulants to be used for PRP preparation in this study. Our results showed that the use of EDTA leads to a larger yield of platelets in PRP and 1/ 10v-PCP (Fig. 3C ) and a higher concentration of PDGF-BB in 1/10v-PFC (Fig. 5A ) than the use of ACD, indicating that EDTA had significantly larger inhibitory effects on coagulation and platelet aggregation.
When platelets are activated by thrombin, PDGF-BB and other platelet-derived factors such as EGF and TGF-b are released from aggregated platelets. A fibrin gel was formed in PRP and PCP by thrombin, and, consequently, the fluid portion of plasma was reduced. Clotting was not seen in PFC, because fibrinogen had been mostly removed by plasma replacement with PBS (Fig. 5B) . Unexpectedly, the PDGF-BB concentration was much higher (nearly three times) in 1/10v-PFC than in 1/10v-PCP (Fig. 4C) , even though the platelet concentrations of the two were similar (Fig. 4A) . Moreover, surprisingly, the calculated total PDGF-BB amount in 1/10v-PFC was much larger than that of WB (Fig.  4D) , even though the platelet yield of 1/10v-PFC was only 70% of WB (Fig. 4B) . The total PDGF-BB amount in PRP and PCP was smaller than that of WB and almost in direct proportion to platelet yield of each product (Fig. 4B, D) . These results indicated that the PDGF-BB released from platelets was partially lost in WB, PRP, and PCP, but not PFC. The   FIG. 6 . Conclusive preparation protocol for PRP-related products. Our optimized protocols for PRP-related products are as follows. WB collected using EDTA as an anticoagulant is centrifuged for 10 min at 230-270 g or 70 g in a 15-mL conical tube for the isolation of PRP and WBCcontaining PRP, respectively. PRP is further centrifuged for 10 min at 2300 g (or higher) for the precipitation of platelets. For one-tenth volume of PCP (1/10v-PCP), nine-tenths volume of the supernatant PPP is removed, and the platelet pellet is resupended, followed by platelet activation with thrombin. For one-tenth volume of PFC (1/10v-PFC), all PPP is removed, one-tenth volume of PBS is added, and the platelet pellet is then resupended, followed by platelet activation with thrombin. Color images available online at www.liebertonline.com/tec 8 ARAKI ET AL.
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presence of fibrinogen and the formation of fibrin clots after thrombin stimulation are suggested to be the reasons for the partial loss of PDGF-BB; a substantial amount of released PDGF-BB was trapped in fibrin glue and that the maximum amount of PDGF-BB cannot be obtained even by the direct activation of WB.
In the clinical use of PRP, fibrinogen in the PRP frequently leads to uncontrollable coagulation and platelet activation. Although fibrin gel may be useful as a controlled-release carrier of growth factors 31 or as a filler injectable, 32 the formed fibrin gel reduces the final product volume, hinders the easy injection of PRP, and is not preferable in many clinical situations. In this study, we have established easy-toperform methods that use common laboratory ware and equipment for the preparation of PRP, W-PRP, PCP, and a highly concentrated solution of platelet derived factors (summarized in Fig. 6 ). The PDGF-BB concentration in 1/10v-PFC was 50 times higher than that of WB and highly exceeded (nearly 5 times) previous reports. 4 Our results showed that the removal of fibrinogen from plasma is crucial to obtain the maximum amount of platelet-derived factors and that the replacement of PPP with PBS after a strong spin is an easy and efficient method to remove fibrinogen.
Platelet-derived factors are primarily released in the first phase of wound healing upon injury/hemorrhage. The injection of platelet-derived factor into a tissue appears to trigger the wound healing process without any actual wounding. 5, 33 It is thought that PRP induces local tissue remodeling and angiogenesis by activating tissue-resident progenitor/stem cells and may also recruit bone-marrow-derived progenitor/stem cells. 33 For the clinical application of PRP-related products, a lot of questions remain to be answered, such as which clinical situations can benefit from the use of these products and what are the appropriate/effective concentrations and quantities for each product to be used in each therapeutic situation. 34 A high concentration of platelet-derived factors may be crucial in inducing detectable therapeutic effects, and our established protocol may help further the advancement of therapies with PRP-related products as well as standardization of PRP-related products for comparative basic and clinical research.
